Objective: The Ministry of Health Malaysia is developing a GIS database of health facilities in the country with the main aim to assist in the planning and development of the services, and in allocation of resources. Methodology: Apart from coordinates of the facilities, other digital information such as states and districts boundaries, main road networks and river were obtained from MacGDI, a centre responsible to manage geospatial data infrastructure in Malaysia. In assisting the Ministry of Health in its planning, one of the analyses that were conducted was a flood simulation analysis in a district in a coastal area of Peninsular Malaysia. This was done following a possibility that a tropical storm "Sonamu" would happen in that area. The objective was to identify health facilities that would be affected if a flood were to happen in the district and finally to assist the Ministry of Health in their emergency plan. Data on contour was obtain from a relevant government agency and was also mapped digitally. Results: The results were showing that with one metre depth of flood, more than half of the facilities would be affected and about two third of the facilities would be affected if the flood level rises to 2.5 metres. Conclusion: Application of GIS is very useful for the health sector in planning of facing an environmental related disaster.
Introduction
The floods are the major disaster affecting many countries in the world. Flood is considered to be the most costly, devastating and broad extend because of the tremendous consequences [1] . Flood effects can be local, impacting a community or very large, affecting many localities or states. In Malaysia, several floods have occurred in several parts of Malaysia. They were usually either localised flash flood or basin-wide floods on major river systems. Floods from sea water as a result of heavy storms, high tide or tsunami are not a common phenomenon in Malaysia.
Geographical information system (GIS) has been recognized as a mean to integrate and analyse data from various sources to support disaster management especially natural disaster such as storm and flood [1] [2] . Adequate information for simulation and the capability for prediction are very important for decision making process associated with flood management. Accurate information on resources is essential to provide disaster management plan.
In the Ministry of Health Malaysia, the use of GIS in supporting services is becoming more common recently. The Ministry of Health Malaysia is in the process of developing a GIS database of health facilities in the country with the main aim to assist in the planning and development of the services, and in allocation of resources. Coordinates of health facilities were collected and mapped in the GIS database. Other digital information such as states and districts boundaries, main road networks and river were obtained from MacGDI, a centre responsible to manage geospatial data infrastructure in Malaysia.
In assisting the Ministry of Health in its planning, one of the analyses that were conducted was a flood simulation analysis in a district in a coastal area of Terengganu, a state in Peninsular Malaysia. This was done following a possibility that a tropical storm "Sonamu" would happen in that area. The objective was to identify health facilities that would be affected if a flood were to happen in the district and finally to assist the Ministry of Health in their disaster plan.
Materials and Methods

Study Area
The study area was a district in a coastal area of Terengganu, a state at the eastern site of Peninsular Malaysia facing the South China Sea. The size of the area is 273,500 hectare with a total population of about 150 thousand people.
Type of Data
There are two main types data collected for the simulation analysis. The first type of data is coordinates of the health facilities in the district. The coordinates were collected using Global Positioning System (GPS) handheld. The facilities include hospital, health clinics, rural clinics, dental clinics, "1Malaysia clinic" and district health office. The second type of data is elevation data on contour with 10 meter intervals. The data was obtained from Shuttle Radar Topographic Mission (SRTM) produced by National Aeronautics and Space Administration (NASA).
Analysis
In determining a correct floodplain, a terrain irregular network (TIN) was created using the contour data. The terrain irregular network was then converted to a grid format or digital elevation model (DEM) for elevation calculation. Stream network from river and lake were also converted to a grid format for the calculation.
Based on the information on elevation, flood plain boundaries were delineated using raster calculator and the calculation was done at several levels, i.e. 0.5 metre, one metre, 1.5 metre, 2 metres and 2.5 metres for the purpose of simulation. In order to determine the correct flood plain, neatlines removal was done to dissolve features based on the zone attributes.
Intersect function from geoprocessing was used to overlay flood plain boundaries with health facilities layer. Affected health facilities were determined based on the overlapped area with the flood plain. The analysis was done using Arc GIS 10.1 software.
Results
There were 38 government health facilities in the study district which comprise of 16 health clinics, 12 dental clinics, 16 rural clinics, a "1Malaysia clinic", a hospital and a district health office. The distance of the facilities from the sea were ranging from 200 m to about 50 km.
Flood maps of the study area were generated with specified flood depths. The results of the simulation were showing that the number of affected facilities increases with the increase flood level. At 0.5 m flood level, three health facilities would be affected. At one metre depth of flood, 21 which are more than half of health facilities in the district would be affected. Most of the affected facilities at one metre flood level were within 3 km from the sea. About two third of the facilities in the district would be affected if the flood level rises to 2.5 meters. Figures 1-5 illustrates the flood simulation. 
Discussions
The roles of expert in a natural disaster and flood management involve monitoring the situation, simulating a natural phenomenon as accurate as possible so as to help in coming up with better, accurate and precise forecasting models, and suitable contingency plans [3] .
GIS has become a great instrument adopted in the management of flood hazard as well as risk area assessment [4] . The ability to produce a flood hazard map by delineating the predicted flood area makes it very useful in the analysis [4] . In Malaysia, a few studies using GIS applications for flood hazard mapping were conducted before [5] .
Floods from sea water may be caused by heavy storm, high tide or tsunami. Although a flood as a result of a tropical storm is not a common phenomenon in Malaysia, some preparations have been made in facing the possibility of the occurrence of tropical storm "Sonamu" in the coastal area of Terengganu in Peninsular Malaysia. A GIS analysis was conducted to simulate the flood and identify the affected health facilities in the district. ArcGIS was used to simulate water level, produce flood plain and generate flood map for the specific depth.
Flood maps produced by GIS allow us to overlay with other digital information such as roads, buildings and critical facilities like health facilities. In this study, by overlaying flood map with health facilities, the affected facilities could be identified at different level of flood depths. The flood depth is believed to be the most appropriate sign indicating the risk intensity [6] [7]. This information is very useful in preparing for any contingency plan and mobilizing resources for emergency services. As the main provider in healthcare delivery in the country, the Ministry of Health Malaysia has to ensure that the services to the population would not be much affected if the storm and flood were to happen in the area.
Conclusion
The flood simulation map will help the local authorities for a quick assessment of potential impact of the flood hazard and commencement of suitable measures to reduce the impact. Application of GIS is also very useful for the health sector in simulating a natural hazard or disaster for the purpose of emergency planning.
